Otitis media with effusion (OME) is characterized by persistent middle ear effusion (MEE) without any symptoms of infection such as otalgia and fever which are commonly observed in acute otitis media (3) . MEE was thought to be sterile until Senturia et al. (14) first reported the presence of bacteria. Recent studies have shown that many cases of OME are preceded by an episode of acute otitis media (15) and that Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis are frequently cultured from MEEs. Moreover, many of the isolates are identical to those found in the nasopharynx (7) . Although H. influenzae is commonly cultured from the nasopharynges of healthy children, the carriage rate is higher in patients with OME than in healthy children (4) . It is well acknowledged that microorganisms can reach the middle ear cavity via the eustachian tube from the nasopharynx and cause middle ear infection (8) . Those findings suggest that H. influenzae in the nasopharynx, as well as that in MEEs, plays an important role in the persistent presence of MEEs and in the pathogenesis of OME.
The incidence of bacteria in MEEs detected by conventional culture methods was only 23.7% (7) . Previous treatment with antibiotics may explain the low detection rate. Failure to detect bacteria in the majority of patients with OME raises a question about whether bacterial infection is truly a prerequisite for diagnosis of the condition. DeMaria et al. (2) detected endotoxin in 80% of MEEs, including many culture-negative samples. They also reported that experimental OME was induced by middle ear inoculation with endotoxin of nontypeable H. influenzae (3) . Although the existence of endotoxins in MEEs indicates that gram-negative bacteria were present in MEEs, the bacterial species cannot be identified, because endotoxin is ubiquitous for gram-negative bacteria. Thus, it is necessary to develop a sensitive and specific method to detect bacteria in MEEs in order to examine the relationship between bacterial infection and the pathogenesis of OME. The P6 protein, a 16.6-kDa outer membrane protein of H. influenzae, is a highly conserved antigen among most strains of H. influenzae (9) and has been demonstrated to be a potential vaccine component in preventing infections caused by H. influenzae (10) .
Recently, Hotomi et al. (6) applied PCR to detect the P6 gene DNA of H. influenzae in MEEs by use of a primer set reported by van Ketel et al. (16) . However, this primer set also amplifies DNA of other genera of Haemophilus, such as Haemophilus parainfluenzae, which is also frequently cultured from MEEs and from the nasopharynx (16) . In the present study, newly designed oligonucleotide probes were used in dot blot hybridization tests to differentiate the P6 gene DNA of H. influenzae from that of H. parainfluenzae.
MATERIALS AND METHODS
Nasopharyngeal secretions and MEEs. Nasopharyngeal secretions were collected from 102 patients with OME and 111 healthy control subjects. Eighty samples of MEE were collected from 65 patients with OME, and bacterial concordance between MEEs and nasopharyngeal secretions was investigated. A Juhn Tym-Tap (Xomed, Jacksonville, Fla.) was inserted into the nasopharynx through the nose, and nasopharyngeal secretions were collected by aspiration. MEEs were collected as follows. The external ear canal was cleansed of ear wax, and the canal was disinfected with saline containing 0.01% iodine after iontophoretic anesthesia which was applied with an equal mixture of 0.01% epinephrine and 4% lidocaine hydrochloride. Following myringotomy, MEEs were collected by aspiration with a Juhn Tym-Tap (Xomed) through the eardrum. All samples were collected from November 1991 to September 1992 at the Department of Otolaryngology of Oita Medical University (Oita, Japan).
Bacterial cultivation. Samples of nasopharyngeal secretion and MEE were inoculated on blood agar and chocolate agar with sterile cotton-tipped swabs and were incubated for 24 h at 37ЊC in a humidified atmosphere containing 5% CO 2 . H. influenzae was identified by its V (NAD) and X (hemin) growth factor requirements. Differentiation of H. influenzae and H. parainfluenzae was comfirmed by porphyrin tests. Bacterial identifications were carried out in the microbiological laboratory at the Oita Medical University Hospital.
Preparation of DNA. DNA was prepared from nasopharyngeal secretion and MEE specimens by the method reported by van Ketel et al. (16) with a slight modification, as follows. Specimens (100 l) were diluted with 100 l of 50 mM Tris-HCl (pH 8.5)-50 mM EDTA-2.5% sodium dodecyl sulfate (SDS) and digested overnight at 50ЊC with proteinase K (20 mg/ml). Sodium perchlorate was then added to a final concentration of 1 M, and the mixture was incubated at 50ЊC for 1 h. After addition of 200 l of STE (150 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA [pH 8.5]), the DNA was extracted with phenol-chloroform (1:1) twice and precipitated with ethanol and glycogen (20 mg/ml). SepaGene (Sanko Junyaku Co., Ltd., Tokyo, Japan) was used to extract DNA from bacterial cells by following the manufacturer's instructions. Precipitated DNA was washed with 70% ethanol and dissolved with 200 l of H 2 O. The DNA was stored at Ϫ20ЊC for later use.
PCR amplification of P6 DNA. The primer set, F1 and R1, was designed based on the published DNA sequence for the P6 gene, using DNAsis software (Hitachi, Tokyo, Japan) to preclude hairpin loops. The length of the amplified products was expected to be 351 bp. The sequences of oligonucleotides for the primer set and probes were as follows: primer F1, 5Ј-AAC TTT TGG CGG TTA CTC TG-3Ј (melting temperature, 56ЊC); and primer R1, 5Ј-CTA ACA CTG CAC GAC GGT TT-3Ј (melting temperature, 59ЊC). The oligonucleotides were custom synthesized by Kurabo (Osaka, Japan). PCR was performed as described by Saiki et al. (11) in a final volume of 100 l. The standard reaction for amplification contained 2.5 U of Thermus aquaticus DNA polymerase (Taq polymerase; Perkin-Elmer Cetus, Norwalk, Conn.), 50 mM KCl, 10 mM TrisHCl (pH 8.3), 1.5 mM MgCl 2 , 0.01% gelatin, 0.2 mM (each) deoxynucleoside triphosphate (dNTP; dATP, dCTP, dGTP, and dUTP), 0.2 M (each) primer, 5.0 U of Uracil N-Glycosylase (Perkin-Elmer Cetus), and 10 l of the obtained DNA as a template. The reaction mixture was incubated at room temperature for 10 min to allow digestion with Uracil N-Glycosylase prior to incubation at 95ЊC for 10 min to degrade possible carry-over products before the start of PCR. For PCR, a programmable DNA thermal cycler, model PJ480 (Perkin-Elmer Cetus Instrument, Norwalk, Conn.), was used. Conditions for PCR consisted of 30 cycles of denaturation at 95ЊC for 30 s, annealing at 55ЊC for 1 min, and extension at 72ЊC for 2 min (5 min for the last cycle).
Discrimination between H. influenzae and H. parainfluenzae P6 gene targets by probe hybridization. Oligonucleotide probes, HI and HP, were designed as follows to distinguish the P6 gene of H. influenzae from that of H. parainfluenzae: probe HI, 5Ј-TAA ATA TGA CAT TAC TGG TG-3Ј; probe HP, 5Ј-CAA ATT CAA CAT CGA AGG-3Ј. (HI and HP represent H. influenzae and H. parainfluenzae, respectively.) PCR products were extracted with chloroform to remove mineral oil. The amplified samples (6 l) were fractionated on 3% agarose gels by electrophoresis (12) . pHY marker (Takara Shuzo Co., Kyoto, Japan) was used as a molecular weight marker. Southern blot hybridization was carried out to detect H. influenzae DNA. The DNA was transferred onto a nylon filter (Amersham, Buckinghamshire, United Kingdom) at room temperature overnight in 20ϫ SSC (3 M NaCl, and 0.3 M trisodium citrate). The DNA was fixed by UV irradiation (0.3 J/cm 2 ). DNA labeling, hybridization, and detection were carried out by using ECL rate-enhanced hybridization buffer and ECL 3Ј-oligonucleotide labeling and detection systems (Amersham) according to the manufacturer's instructions. The filters were washed twice with 5ϫ SSC-0.1% SDS at room temperature for 5 min and twice with 1ϫ SSC-0.1% SDS at 42ЊC for 15 min. Filters were exposed to radiographic films for 10 min in cassettes. For the detection by dot blot hybridization, 1/50 of the amplified DNA was blotted onto a nylon filter and fixed by UV irradiation (0.3 J/cm 2 ). Sequence analysis of PCR-amplified P6 DNA. For cloning of PCR-amplified fragments on M13 vector, primers were phosphorylated at the 5Ј end before PCR (12) . The primers used for the cloning of the P6 gene, previously reported by Deich et al. (1) , were as follows: HI-IV, 5Ј-ACT TTT GGC GGT TAC TCT GT-3Ј; and HI-V, 5Ј-TGT GCC TAA TTT ACCC AGC AT-3Ј. The PCR products were extracted with chloroform and separated by 4% agarose gel electrophoresis. After addition of 4 volumes of 10 mM Tris-HCl-1 mM EDTA (pH 8.0), the gel slice containing the DNA fragment was melted and phenol extracted once. After ethanol precipitation, the ends of the DNA fragment were filled in with the Klenow fragment (Takara Shuzo Co.) in the presence of 0.2 mM dNTPs (12) . The resulting DNA fragments were cloned at the SmaI site of M13 mp8, and the nucleotide sequence was determined by the dideoxy-chain termination method (13) .
Statistical analysis. The carriage rates of H. influenzae in nasopharyngeal secretions of patients with OME and of control subjects were compared by use of the chi-square test. Comparisons of the positive percentages by the culture method and those by PCR for patients with OME or for control subjects were analyzed by use of the McNemar test. Concordance between the incidence of P6 gene DNA in nasopharyngeal secretions and that in MEEs was analyzed by use of the chi-square test.
RESULTS
PCR analysis. The oligonucleotide primers were designed to amplify the P6 gene target of H. influenzae on the basis of the previously reported DNA sequence (1). Gel electrophoresis was used to analyze the specificity of the primers. In the preliminary study, DNA was prepared from 60 bacterial isolates cultured from nasopharyngeal secretions in this study, as shown in Table 1 . Distinct bands of the expected size (approximately 351 bp) were observed only in the samples with H. influenzae and H. parainfluenzae (Fig. 1) . For sequence analysis, shorter DNA fragments were amplified by PCR with the HI-IV and HI-V primers (16) to avoid false-positive results caused by carry-over products of amplified DNA into clinical samples. The P6 gene target sequence from the H. influenzae samples was almost identical to that of the P6 gene DNA of H. influenzae previously reported (1). In contrast, the sequence from the H. parainfluenzae samples differed in 30 of 274 bases that resulted in eight amino acid substitutions. This result indicates that the amplified fragment may be derived from the P6 gene homolog of H. parainfluenzae. To distinguish the amplified DNA of H. influenzae from that of H. parainfluenzae, we designed two oligonucleotide probes, HI and HP, to exploit the sequence differences. Southern blotting analysis showed that probe HI hybridized only with the PCR-positive sample of H. influenzae and did not react with any other products isolated from nasopharyngeal secretions and MEEs ( Fig. 2A) . These results indicate that probe HI can be used to detect the P6 gene DNA of H. influenzae specifically. Next, we tested the specificity of dot blot hybridization. Probe HI hybridized with the PCR-amplified sample of H. influenzae (Fig. 2B) ble 1). Thus, the dot blot hybridization of PCR-amplified samples (PCR-DB) with probe HI was shown to be a useful method to detect the P6 gene target of H. influenzae in a large number of clinical samples. To examine the sensitivity of dot blot hybridization, we serially diluted PCR samples of DNA prepared from H. influenzae. The smallest amount of DNA that generated a signal in the dot blot experiment was 10 Ϫ2 ng (Fig. 3) . This corresponds to approximately 3,000 H. influenzae cells.
Examination of nasopharyngeal secretions and MEEs by PCR-DB and culture method. Two hundred thirteen nasopharyngeal secretion samples and 80 MEE samples were subjected to both conventional culture and PCR-DB. The list of isolates cultured from those samples is shown in Table 2 . In nasopharyngeal secretions, H. influenzae was detected by culture in 30% (64 of 213) of the samples, as shown in Table 3 . In contrast, the P6 gene DNA was detected by PCR-DB in 64% (139 of 213) of the samples. The positive rate was significantly greater by PCR-DB than by the culture method (␣ Ͻ 0.001). All samples in which H. influenzae was detected by culture were also positive by the PCR-DB, and all PCR-DB-negative samples did not contain any culturable H. influenzae. The positive rates were significantly higher for patients with OME than for control subjects by both PCR-DB and culture methods (P Ͻ 0.005 and P Ͻ 0.005, respectively). In MEE samples, the positive rate by PCR-DB was significantly higher than that by the culture method, as shown in Table 4 (␣ Ͻ 0.001). All culture-positive MEE samples were PCR-DB positive. There was no false-negative sample detected by PCR-DB.
Concordance between P6 DNA targets in nasopharyngeal secretions and MEEs. Eighty pairs of nasopharyngeal secretion samples and MEE samples were applied to study the concordance between the presence of the P6 DNA target in nasopharyngeal secretions and that in MEEs (Table 5) . In all 46 patients who had P6 gene DNA in MEEs, P6 gene DNA was also detected in nasopharyngeal secretions, whereas significantly fewer (P Ͻ 0.05) patients had P6 gene DNA only in nasopharyngeal secretions.
DISCUSSION
van Ketel et al. (16) succeeded in detecting the P6 gene DNA of H. influenzae in cerebrospinal fluids of patients with meningitis by PCR. They suggested that PCR is a highly sensitive method for the diagnosis of infection caused by H. influenzae. However, P6 gene DNAs not only from H. influenzae but also from other bacteria of the genus Haemophilus were detected. In order to increase the specificity of PCR in detecting H. influenzae from nasopharyngeal secretions and MEEs, PCR-DB with a probe that reacts with H. influenzae specifically was employed. Since all the bacterial isolates from nasopharyngeal secretions and MEEs other than H. influenzae were negative by PCR-DB with the H. influenzae-specific probe, the P6 gene DNA detected in the clinical samples was considered to originate from H. influenzae. The sensitivity of PCR was examined by hybridization of serially diluted DNA isolated from H. influenzae. PCR performed with samples containing 3,000 copies of the P6 gene DNA showed an intense signal in the hybridization experiment. The results indicate that the sample contained the equivalent of over 60,000 cells of H. influenzae when the signal was observed after PCR, since 1/20 of the amount was used for PCR.
According to the previous reports based on the conventional culture method, the positive rates of H. influenzae in the nasopharynges of healthy children varied in a low range between 9 and 20% (4). In the present study, the positive rate of P6 gene DNA in nasopharyngeal secretions of healthy subjects was 46%, significantly higher than the positive rate of H. influenzae detected by the conventional culture method (19%). Previous reports also showed that the carriage rates of H. influenzae in the nasopharynges of otitis-prone children or patients with OME were higher than that of healthy subjects (4). We detected P6 gene DNA from the nasopharynx in 86% of patients with OME. These findings indicate that PCR is more sensitive than the conventional culture method in detecting H. influenzae and that the proliferation of H. influenzae in the nasopharynx is closely related to the pathogenesis of OME.
Although the previous reports have shown the presence of H. influenzae in MEEs, the positive rate was not high enough (from 6 to 20%) to conclude that H. influenzae is one of the chief pathogens of OME (5, 7) . In the present study, H. influenzae was cultured from 9 (11%) of 80 MEEs. Coagulasenegative Staphylococcus sp., which was most frequently detected in MEEs, was considered contamination from the external ear canal, as previously reported (7) . It can be speculated that the low incidence of pathogens in MEEs is due to inactivation of bacteria by the administration of antibiotics or by immunoglobulins. On the other hand, PCR can detect those inactivated bacteria. The present study showed that 58% of MEEs contained P6 gene DNA of H. influenzae. Moreover, the positive rate in nasopharyngeal secretions exceeded 90% in the group of children with OME aged 1 to 10 years, who are known to be most susceptible to this disease (data not shown). Previously, we reported that the same strain of H. influenzae was frequently isolated from MEEs and from the nasopharynx simultaneously (7) . The present study showed that more than half of the patients with P6 gene DNA in the nasopharynx had the DNA in paired MEEs. All patients with the P6 gene DNA target in MEE had the DNA target in nasopharyngeal secretions. These results suggest that OME may be caused by bacterial invasion from the nasopharynx through the eustachian tube, and that H. influenzae may be one of the major pathogens associated with this disease.
In summary, PCR was more sensitive than the conventional culture method in detecting H. influenzae from the nasopharynx and from MEEs of patients with OME. The specificity was confirmed by PCR-DB. The results suggest that the presence of H. influenzae in the nasopharynx and in MEEs is more dominant than previously reported and may play an important role in the pathogenesis of OME. 
